This paper considers an inventory control policy for a two-echelon inventory control system with one supplier-one buyer. We consider the case of deteriorating items which lead to shortage in supply chain. Therefore, it is necessary to decrease the deterioration rate by adding some specification to the packaging of these items that is known as active packaging. Although this packaging can reduce the deteriorating rate of products, but may be increases the cost of both supplier and buyer. Because of the complexity of the mathematical model, a genetic algorithm has been developed to determine the best policy of this inventory control system.
Introduction
There is an intense competition between various organization and institution across the world, and customers always expect products or services with high quality. Nowadays, Lack of monopoly in the market gives rise to the competition and leaves no room for any mistake in favor of suppliers and producers because it can lead to the loss of customers. Among different products, food and medicine have a great importance in the market, which can undergo different conditions for maintenance and thereby much attention should be paid to their packaging in order to keep the quality. Thus, the safety of these goods will be guaranteed, and the deterioration can be prevented so that the ideal attributes of food or medicine are preserved.
Traditional packaging methods facilitate distribution process, and also can guard the products against the environmental conditions such as light, oxygen, moisture, microbes, pressure and dust. Among the limitations of these methods are their inaccurate information systems about the duration of durability and service quality for the customer as well as some errors in measuring the time period required for maintenance of goods. So, a number of innovations are made in packaging industry to ensure the quality of products, measure the exact time of durability, and lastly decrease the customers' grievance.
In this study, the impact of active packaging on the durability of products and the application of inventory control systems of perishable goods are taken into account in order to analyze the application of such methods in two-echelon supply chain in economic terms.
Packaging and perishable goods
Today, packaging has gained much momentum in the global market. Research indicates about 2% of GNP in the developed countries is attributed to packaging, in which 5% of the share for this industry goes for food packaging. The prediction indicates the packaging industry is increasing around the world.
New packaging systems have recently been developed to satisfy customer needs for quality, health, and durability of food and medicine. Furthermore, the delivery of products to the customers has experienced changes such as the concentration of the stores and the establishment of supermarkets, which delivered packages of food to the customers. Because of the distance between suppliers and consumers, a major revision on the role of packaging has been made in order to help better preservation of the products. Traditional packaging contributes to the distribution of products and can protect the products against physical condition such as light, oxygen, moisture, microbes, pressure and dust. Lack of accurate information on the durability and quality of products apart from erroneous measurement of the time period needed to maintain the products, are among the limitation of the systems. Some innovations including active packaging have developed to increase the efficiency, and to bridge the gaps in the industry. These novelties are to ensure the quality of products, determine the exact durability, and finally lessen the customers' complaints. In the following section, active packaging of food and medicine are briefly discussed within the boundary of the study.
The term "active packaging" was first used by Labuza (1996) . The first active packaging was tin-plated steel used to make cans in the preserved food industry. Besides, mummified paper was, long before, used to inoculate sorbet into cheese. Nowadays, active packaging is widely used in US, Australia and Japan markets. The operation of active packaging, the conditions of preserved food with the aim of increasing the durability, improving safety or the sensory properties in the face of quality preservation are all affected by the method. This kind of packaging falls into two broad categories, 1. The absorbents of moisture, oxygen, carbon dioxide, ethylene, taste and smell; 2. The release of carbon, anti-microbe agent, and taste;
Literature review
Producers get their raw material from suppliers, transform them into finished goods and products, which in turn will be sold to distributers, and finally delivered to the final consumer or retailers. A multi-echelon inventory system is formed when a product travels all through these phases before it reaches the customer. Supply chain refers to a logistics network, which includes suppliers, distributers, raw material, work in process and the final product which all are circulated between different facilities and equipment. Researchers' interest has significantly grown in this field and many companies have a widely invested in this area.
The majority of inventory models were obtained from the view point of buyer, but the optimum policy of buyers may have not the same results for the suppliers. Therefore, based on a win-win strategy (for all the parts of supply chain), a common policy needs to be taken. If the number of deliveries is decided through mutual agreement, their integrity cost will be minimized. Integrated policies can result in fewer costs compared to independent decisions made by buyer and sellers (Yang & Wee, 2000) . They considered an economic order policy of perishable goods for buyer and supplier as an integrated approach and developed a policy with the constant rate of production and demand. A mathematical model, based on both buyer's and seller's views, was developed with one buyer and one supplier and multiple deliveries for each order. They argued that a significant decrease was made in the costs by the integrated approach compared to the supplier's independent decision. Wee et al. (2008) proposed an integrated supplier-buyer order policy for perishable goods. They developed the analysis made by Yang & Wee(2000) for one supplier-one buyer integrated production-inventory model with a deterioration rate corresponding to the inventory level. Aiming at developing a multi-echelon inventory model for perishable goods and obtaining the optimal common total cost through the integrity between buyer, producer and supplier, Rau et al. (2003) demonstrated that the least cost is attributable to the results obtained in the integration approach compared with independent decision approach. In this study, irrespective of consistent delivery, a lot-size model is developed for both the order and production of perishable goods, which has a fixed demand rate and an exponential deterioration function.
It is demonstrated that optimal supply chain is effective through integrated approach rather than independent approach. Huang (2002) proposed a model to obtain an optimal integrated policy of inventory-production and of supplier-buyer for perishable goods in JIT environment. Mahapatra and Maiti (2007) developed production-inventory models for perishable goods in a one supplier-one buyer system with a fixed demand production rate. Buyer's backlogging, if permitted, is a function of time and the model is formulated as the cost minimization problem via both integrated and disintegrated approaches. A genetic algorithm was used in the study to solve one or multi-objective production inventory problems. Shah et al. (2008) developed a common buyer-supplier inventory system for perishable items with a salvage value. Based on a fixed deterioration rate, it was quantitatively demonstrated that the results acquired in the common approaches will have less cost than buyer's independent approach. Despite the decrease in common total cost, buyer's cost will rise due to the increase in orders. It is recommended that the supplier can postpone the payment, when permitted, in order to encourage the buyer to keep on the same approach so that more orders can be placed. In the study, the buyersupplier common inventory system was developed for perishable goods with a salvage value. Yu et al. (2008) proposed a mathematical model for a three echelon inventory system where integrate lower, middle and higher levels in supply chain. They hypothesized that deterioration is a function of the inventory available in the whole levels of chain. The problem of multi-echelon supply chain inventory was first resolved by simulated annealing algorithm, which always ensures the realization of global optimum.
A production-inventory system with one supplier and multiple buyers was proposed by Yang and Wee ( 2002) , in which the rate of demand and production is fixed. They offered a mathematical model, which integrates the buyer's and seller's costs, and argued that rather than independent decision by buyer and seller, the integrated strategy will effectively decrease the costs. In this study, with regard to both buyer's and seller's views, an inventory-production system is presented, in which the demand and production rate is fixed. Lin and Lin (2007) developed an integrated inventory system for perishable items with a two-echelon supply chain. Their work is just like what considered by Balkhi (1999) , with the exception that the latter argued that supplier, as a provider of materials, can be a producer as well; therefore, buyer can, as a producer, be a retailer, wholesaler and purchaser, too.
Mathematical model
In the real-world, deterioration and decay in most of the products including food and medicine seems inevitable. In the former industries, due to the significant of delivering safe and sound products to the customer, producers and manufacturers have to meet numerous factors in order to determine the expiration date. They, finally, determine the time period permitted to maintain the products. However, almost always, a shorter time compared to the original specified period is recommended because of the safety standards. This shorter time is indicate on the package to prevent such repercussions as consumer poisoning, customer complaints and eventually lost sale as well as incurring high cost. Active packaging can directly lengthen the permitted maintenance period. Thereby the risk of errors in specifying the expiration date will be decreased; so in this case, the manufacturer does not have to indicate a shorter period on the packaging to meet the consumer safety criteria. Rather, the consumer is provided with more relevant information by having the original period indicated on the package.
The mathematical model, in two-echelon supply chain, is presented with activating variables along with inventory systems for perishable goods. The distinguishing features of proposed model compared to the former ones are as follows:
1. Adding activating variables of packaging to the mathematical model; 2. Determining lot size via cost analysis.
The variables in mathematical model
The problem under study is analyzed based on the following variables,
Planning horizon; n :
The number of replenishments for buyer during the planning horizon; D :
The demand rate that considered constant; i s : Is the time when shortages begin during the ith period ,
Is the time when the ith replenishment begin ,
The deterioration rate of the goods kept by buyer;
The deterioration rate of the goods kept by supplier;
The deterioration rate of the goods transported between supplier and buyer; The instantaneous inventory level therefore is calculated as follow,
where the boundary condition
is assumed. In addition, the shortage level for the buyer during each shortage period is formulated as follow, ( ) , , 1, 2,..., 1 
According to equation (2) 
In particular, in the final period: 
For the buyer, the total number of goods deteriorated in the ith replenishment period is as following:
and, in particular, for the final period,
Therefore, the total cost for the buyer over the planning horizon is as follows, 
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Supplier is required to start the production during the time period   Therefore, the supplier's temporal inventory level is as follow,
is valid. Based on Eq. (11) 
where i L is calculated via the following two equations:
Thus, the result is the follow,
Consequently, the total number of inventory carried by the supplier during the production interval
, the total inventory maintained by the supplier would be as follow, 
. In the first replenishment period, the total number of deteriorated goods for the supplier is as follows,
Thereby, the total deteriorated goods in the ith replenishment period for the supplier are as follow,
Thus, the total cost for the supplier during planning horizon H is as follow,
As a result, the total common cost of the entire inventory system is as follows, 
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The objective of this study is to determine i t and i s , so that the total cost of inventory system is minimized. For a fixed n, the necessary condition for TC to be the minimum is:
We assume that the deteriorating rate for supplier, buyer is same; also we assume that the transportation of the goods between supplier and buyer has the same effect on deterioration of products, in other words we assign a similar Lambda for supplier, buyer and transportation between them.
Theorem1.Hessian matrix is positive definite if n values are positive and cardinal.

It means that the target function has an absolute minimal point.
Proof. Due to the complexity and multiplicity of the model variables, the mathematical problem was simplified using Mathematica software V.6., the results show that Hessian matrix is positive definite, meaning: 
The proposed GA method
The model that was formulated and introduced in the previous section involves a complex shape of search space. These characteristics lead us to use a meta-heuristic algorithm to solve such a hard problem, efficiently. The underlying GA's idea is to generate an initial set of random solution called population. Each individual in the population called a chromosome that is represented as a candidate solution to a problem and consists of number of genes. The chromosomes must go through a successive set of solution called generation and the fitness function is used to evaluate all individuals. Crossover and mutation operators are used to create new chromosomes called offspring.
Chromosome
One of the most important factors for successful implementation of MA is designing a more suitable chromosomal structure. In this paper, the solution consists of a matrix with one row and columns. In each column, a number with four digits is placed. Fig. 3 shows the proposed chromosomal structure of the paper. t3 t2 t1 S4 S3 S2 S1 Fig. 3 .Chromosomal structure proposed for n=4
Initial population
As noted previously, the initial population is generated randomly. Although random generation covers almost all of the search space, a high-quality solution, obtained from another heuristic technique as an initial population, might help GA to find better solution.
Evaluation
A fitness function is required to evaluate the chromosomes of each generation. In this study, like most GA application the total cost function of the model is considered as fitness function.
Selection
At this stage, parents are selected using one of the most popular selection methods called roulettewheel. In this method, the parents are chosen based on the probability distribution of their fitness value and copied into the mating pool. Thus, the chance of selecting the best individuals becomes higher.
Crossover
After parent selections, several pairs of chromosomes are selected randomly from mating pool by predetermined crossover rate and are mixed to produce offspring. In a crossover operation, some of genes in the first selected parent are replaced with the corresponding genes in the other parent. In this paper we define a new crossover operation that only changed the place of the genes that illustrate i s or i t , after applying this operation, other genes are completed from the changed genes (see Fig. 4 To prevent all solutions in population from falling into a local optimum, mutation takes place after a crossover is performed. In order to obtain a new offspring by using mutation operator in this paper mutation changed s 1 or t 1 in a specified chromosome. Mutation operator is shown in Fig. 5 
Computational methods
In this section, we examine the results of solving the model. To solve the mathematical model, a genetic algorithm was proposed and coded in VB6. To verify the effectiveness of the proposed GA, presented problem by Lin and Lin (2007) was resolved and obtained results are shown in Table 1 . Compared with the results of Lin & Lin (2007) , the effectiveness of our proposed algorithm is verified (the number of replenishments and total cost of the supply chain is considerably reduced). In developing phase, the parameters of active packaging are added to the model and the results are compared with state of ordinary packaging. It is noteworthy that different deterioration rates for each level of the supply chain were defined, for each of these values the mathematical model was solved separately. (It is necessary to note that the calculation results were given only if the values would have led to the feasible solution). All parameters are the same as Lin & Lin (2007) and the value of  and W are as follows:
Conclusions
The study investigated a two-echelon inventory control system for perishable goods. In the mathematical models an additional hypothesis was inserted which involved studying the economy of using new packaging systems such as active packaging in inventory control systems for nonperishable goods. The results obtained through solving the problem confirm the economical hypothesis. Since usually the orders are practically in the front of fixed lots, the best lot size was selected through analyzing the cost in the proximity of the optimal point so that compared to the optimal cost; the lowest cost increase is made.
Table2
Determining the number of replenishment in terms of active packaging parameter 
